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SYNOPSIS

Introduction
Post harvest technology is a multi disciplinary field requiring integration of a wide range of information and skills to develop a system for successful delivery of fresh produce to the end user.

	Extension of shelf life is the ultimate goal of post harvest research and this is achieved by retarding deteriorative process. Temperature, relative humidity and atmospheric composition are the environmental factors, which can be manipulated to lower the respiration rate and minimize the microbial spoilage if proper sanitation procedures are adopted. 

Tomato is the second largest vegetable crop of India, with an annual production of 5.5 million metric tones. India contributes to about 5.6 % of the world production.
Tomato is a climacteric fruit with a short shelf life under ambient storage conditions. When harvested at the mature green stage, it ripens within 8 days and shrivels thereafter resulting in loss of appearance and texture besides physiological loss in weight, cellular integrity, and in some cases even nutritional loss. Due to perishable nature of tomato fruits, it creates glut during production season and becomes scanty during off season.

Hence, there is a need to protect this perishable crop from post harvest losses so as to safeguard the grower’s investment and ensure ready availability of the crop to the consumers at affordable prices throughout the year. 

Processing of tomato into dehydrated products such as tomato powder can be considered as one of the other possible ways of tackling the problem posed by rapid ripening, senescence and spoilage of tomatoes in ambient conditions.

Presently some part of fresh tomato products are being processed and marketed in India in the form of traditional products like puree, paste, ketchup, sauce, pickles, chutney etc.  Further, these products continue to be processed by traditional methods involving energy intensive thermal processes, which generally degrade their quality. Also, because of their moisture contents, these products involve high packaging, handling, transportation and storage costs. 

The demand for dehydrated tomato is increasing rapidly both in domestic and in international markets with major portion of it being used for preparation of convenience foods. It has a potential to meet the increasing demand for quality products in India and abroad. Thus there is a need to develop suitable technology for processing and preservation of this valuable produce in a way that will not only check losses but also generate additional revenue for the country.

Objectives:
This research work emphasized on following main objectives:
1.	To optimize the post harvest treatments and storage conditions for tomato of 2 major commercial varieties for shelf life extension, minimize storage losses and improve quality using different treatments and storage conditions used such as Modified Atmosphere Packaging (MAP) and Controlled Atmosphere (CA) storage at low temperature and studies on physicochemical characteristics of tomato fruits during storage and ripening.
2.	Mathematical modeling for storage of tomato under modified atmosphere packaging
3.	To standardize optimum dehydration conditions and to develop improved pre treatments and process variables in different types of driers in order to obtain better dehydrated tomato product with higher storage stability, for 2 vars. of tomato i.e. Avinash and Madanapally.

Review of literature
A broad – based literature survey attempted on the subject of studies has resulted in compiling the status on the following related aspects:
	History, classification and anatomy of the fruits 
	Production of tomato
	Tomato composition and compositional changes during storage and ripening
	Extent of post harvest losses
	Storage of fresh fruits and vegetables using different techniques and treatments such as Modified Atmosphere Packaging (MAP), Controlled Atmosphere (CA) storage, skin coating etc., followed by particular discussion about  case of tomato in each section.
	Application of mathematical modeling for prediction of changes in shelf life and other physicochemical changes during storage of fruits and vegetables 
	Dehydration aspects of fruits and vegetables using different treatments and dehydration methods and quality changes during processing and storage with especial reference to tomato.

Material and methods
This part of the thesis includes details of various chemical, raw materials and instruments utilized in this study. Analytical methods and various techniques employed, particularly spectroscopic, chromatographic, color, texture and other physicochemical analysis along with statistical methods are described in this chapter. Some of the experimental methods particularly related to dehydration process are presented in the respective chapter.


Results and discussion
This chapter constitutes the major part of the thesis and presents all the results obtained in this investigation together with relevant discussion there on. The results are presented/ discussed in four sections.

Section 1: Studies on extension of shelf life of tomato using Modified Atmosphere Packaging.

Tomato fruits of two varieties of ‘Avinash’ and ‘Madanapally’ were harvested at mature green stage and stored at different conditions as follows:
	Modified Atmosphere packaging (LDPE films)
	Micro perforated bags (0.01% ventilated, PP films)
	Ventilated bags ( 1% ventilated, LDPE films)
	Wax coating (Waxol 9%)
Control samples, openly kept in same conditions.

	Storage studies were carried out at two different low temperatures i.e., 81C and 131C. Changes in physicochemical and visual appearance of the tomatoes such as color, texture, TSS, pH, acidity, sugars, chlorophyll, lycopene ripening index, cumulative spoilage, marketability and sensory quality of fruits were periodically analyzed during storage period.

 	Studies indicated that:
	Ripening and other associated changes in mature green tomato fruits were delayed and their shelf life was extended up to 42 and 35 days at 8C for varieties Avinash and Madanapally respectively by enclosing the fruits in MA packages made from LDPE of 25 micron thickness and appropriate permeability characteristics to CO2 and O2. 
	Stored fruits under MAP conditions at 8 1C and 13  1C were taken out and kept at ambient condition for ripening for 5 days. Ripened fruits showed very good overall sensory quality attributes for both the varieties of tomatoes.
	Using micro perforated poly propylene film packages for storage of tomato could extend the shelf life up to 35 and 28 days for var. Avinash and Madanapally respectively, but it was less effective in delaying the ripening process as compared to MAP.  
	The use of biodegradable skin coating with wax emulsion       (waxol 9%) was found to maintain the marketable quality of fresh tomato even after 28 days of storage at low temperature as against uncoated control fruits, which ripened and shriveled after 21 days. Visual attractiveness of the fruit was improved, ripening delayed and fruit firmness maintained.
	The two varieties of tomatoes showed significant variation in their shelf life in different treatments. Degradative process including chlorophyll breakdown, textural changes and color development (lycopene synthesis) were more prominent in Madanapally variety as compared to var. Avinash.

Hence there was a less extension of shelf life in case of var. Madanapally.

Section 2: Study on extension of shelf life of tomato using Controlled Atmosphere storage.

 In order to study the effect of Controlled Atmosphere (CA) storage on extension of shelf life and quality of mature green tomato of two major commercial varieties (Avinash and Madanapally) and also to optimize the storage conditions under controlled atmosphere storage, investigation were planned and carried out as follows:

Mature green tomatoes were handpicked, sorted, washed, treated with permitted fungicide solution (Benomyl, 500 ppm), surface dried and stored in CA condition at 10  1C and 90  5 % RH using different gas storage conditions of CA1=1% CO2 & 5% O2, CA2=2.5% CO2 & 5% O2 and CA3=5% CO2 & 5% O2 with N2 as balance gas.

    	Results confirmed the effects of Controlled Atmosphere (CA) storage on the post harvest physiology of mature green tomatoes by reducing the activity of tissue metabolism of fresh tomato.

	Chlorophyll breakdown was affected negatively by low O2 and high CO2 concentration and ripening was delayed in tomatoes stored under CA as compared to the control samples openly kept at the same temperature.
	Physiological loss in weight (PLW) and spoilage were reduced considerably and fruits preserved high marketability without a significant impairment of overall sensory quality after storage in CA and subsequent ripening at room condition.
	Combination of 2.5 % CO2 and 5% O2 was found to be the best gas composition for storage of both varieties of tomatoes. Increasing the CO2 level by 5% exhibited slight CO2 injury, which can adversely affect the fruit quality.
	Extension of shelf life was achieved by 8 weeks and 7 weeks for var. Avinash and Madanapally respectively, and stored fruits developed full red color during 5 days after removal from CA and ripening at room temperature.

Method developed in this study can be used for export of tomato in CA condition by ship to distant countries. 

Section 3: Mathematical modeling for storage of tomato under Modified Atmosphere Packaging.

Studies were planned and carried out to develop a mathematical model to predict the shelf life and changes in head space gas composition of tomatoes (vars. Avinash and Madanapally) stored in MAP at different storage conditions.

	Design Expert v.6 software was used to plan the experiments at different storage conditions and packaging materials.

	Data were collected by storage of freshly harvested mature green tomato in different polymeric packages with oxygen permeability of 3600 to 5200 cc/m2/day and CO2 permeability of 15000 to 27000 cc/m2/day at three different storage temperatures i.e., 8 1C, 13 1C and 211C. Changes in O2 and CO2 concentrations of head space of tomato packages and other parameters like color, texture, spoilage, physiological loss in weight and marketability were monitored periodically during storage to estimate the shelf life of tomatoes.

 Experimental data were subjected to statistical analysis to detect the significant models. Respective equations and mathematical models were obtained to predict the response i.e., shelf life and head space gas composition at different conditions.

	Mathematical models were tested to estimate the accuracy of the models by plotting graphs of the actual values versus the predicted response. Comparison of observed and predicted values for shelf life and gas composition in different conditions shows a reasonable close agreement between the experimental and predicted values.
	Models along with equations developed in this study can be adequately used to select the suitable packaging material and storage condition for desired shelf life without conduction repetitive experiments.



Section 4: Studies on the effects of different pretreatments and dehydration methods on dehydration characteristics of tomato. 

 In the next part of the research, experiments were focused on following aspects:
a) To study the effect of different pre drying treatments on physicochemical characteristics of tomatoes var. Avinash and Madanapally.
b) To determine the influence of different types of driers and dehydration conditions on physicochemical properties of tomato slices of two varieties.
c) To study the storage behavior of tomato powder regarding lycopene retention and browning reaction as affected by different packaging material, pre drying treatments and dehydration methods.

Dehydration process were carried out for tomato slices of two varieties after giving different pretreatments, such as CaCl2, KMS, CaCl2+KMS and NaCl along with control in different driers i.e., cabinet drier, solar drier and continuous conveyor drier (tunnel drier). Changes in quality characteristics of tomato slices as affected by dehydration process were studied for moisture content, sugar, titrable acidity, lycopene, dehydration ratio, rehydration ratio and non enzymatic browning. Storage studies were also carried out for a period of six months for tomato powder packed into different type of packaging material i.e., Metalized Polyester film (MP) and Low Density Poly Ethylene (LDPE) and changes in lycopene content and non enzymatic browning (NEB) were estimated during storage period.

	Results showed effectiveness of all four treatments on quality characteristics of dehydrated tomato as compared to the control samples.
	Potassium Metabisulphite (KMS) in combination with calcium chloride (CaCl​2) was found to have more protective effect on quality of dehydrated products during dehydration process.
	Among three different driers used in this study, tunnel drier samples attained best quality regarding to Lycopene retention, rehydration ratio, dehydration ratio and browning index.
	Storage studies showed highly effectiveness of treatments during storage. While control samples were totally dark brown with most degradation and loss of lycopene content, retarding effect of CaCl2 for browning and protective effect of KMS on lycopene was evidently observed in stored tomato powder. Combination of these two treatments presented highly acceptable tomato powder with red color and closer to the colour of fresh tomato powder even after 6 months of storage.
	ERH of tomato powder was found to be 33.8% with initial moisture content of 4.48%. Tomato powder remained free flowing up to moisture level of 6.48%, which is found to be critical moisture. Tomato powder is hygroscopic nature and hence, need moisture proof packaging material to protect them especially in higher RH conditions. LDPE films (75micron) and Metalized Polyester (25 micron) was found to be economical and provide moisture proof barrier.
	Metalized polyester (MP) was found to be a good packaging material to maintain the quality of tomato powder with respect to lycopene degradation and browning reactions.
	Tomato slices of var. Avinash could maintain better quality and exhibited better color retention and reconstitution characteristics as compared to the dehydrated samples obtained form Madanapally variety.

Pre treatment of 5 mm thickness of tomato slices (var. Avinash) with calcium chloride in combination with potassium metabisulphite using tunnel drier can be selected as best process condition, with subsequent storage of product in metalized polyester bags to protect the quality of tomato powder for longer period of time.

	The tomato powder can be reconstituted into juice or used as a starting material for preparation of products like sauce, ketchup, chutney, etc. It can be also used as flavouring agent/nutrient supplement in baby foods, health food, etc.

The main finding of the present investigation has been summarized in Summary and Conclusion.

A collective Bibliography for all the chapters is presented at the end of the thesis following Summary and Conclusion.
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